water-I molecule that is weakly (via hydrogen bonds) coupled to the nano-cavity "walls". A model is presented that explains the "fine structure" of the bands by splitting of the energy levels due to quantum tunneling between the minima in a six-well potential relief felt by a molecule within the cavity.
2 molecules have their dipole moments aligned perpendicular to the c axis, and dipole moments of water-II molecules are parallel to the c-axis. The optical conductivity σ(ν) and permittivity ε '(ν) spectra are recorded in terahertz and infrared ranges, at frequencies from several wavenumbers up to ν = 7000 cm -1 , at temperatures 5 K -300 K and for two polarizations, when the electric vector E of the radiation is parallel and perpendicular to the c-axis. Comparative experiments on as-grown and on dehydrated samples allow to identify the spectra of σ(ν) and ε'(ν) caused exclusively by water molecules. In the infrared range, well-known internal modes ν1, ν2 and ν3 of the H2O molecule are observed for both polarizations, indicating the presence of water-I and water-II molecules in the crystal. Spectra recorded below 1000 cm -1 reveal a rich set of highly anisotropic features in the low-energy response of H2O molecule in a crystalline nano-cavity.
While for E||c only two absorption peaks are detected, at ~90 cm -1 and ~160 cm -1 , several absorption bands are discovered for Ec, each consisting of narrower resonances. The bands are assigned to librational (400 cm -1 -500 cm -1 ) and translational (150 cm -1 -200 cm -1 ) vibrations of water-I molecule that is weakly (via hydrogen bonds) coupled to the nano-cavity "walls". A model is presented that explains the "fine structure" of the bands by splitting of the energy levels due to quantum tunneling between the minima in a six-well potential relief felt by a molecule within the cavity.
I. INTRODUCTION
One of the frontiers in present solid state sciences deals with phenomena occurring at nanoscale. If the dimension of a material becomes comparable to certain intrinsic length scales (electron or phonon mean free path, the de Broglie wavelength, a correlation length of some kind of collective interaction, etc.), qualitatively new effects can be observed that are not manifested in the material in its bulk form. 1, 2 Nano-size phenomena may also be observed if the amount of 3 matter is drastically reduced -down to the quantity of only a few molecules or atoms. Although interactions between the members of the ensemble are of the same nature as in the bulk, 'nanofication' can lead to spatial arrangements of the bonds different from that in the bulk and can transform the system into novel states. The diversity of the system properties is further enriched by introducing extended interfaces disrupting bonds locally, or by finite-size effects if a system is confined e.g. into nano-pores, nano-wires, or nano-tubes. Understanding the nature of the emerging phases and their relations to the physical, chemical, geometrical and morphological characteristics of the environment is presently still at its infancy. The systematic investigation of such nano-size effects may open exciting areas in modern fundamental and applied research.
In such studies, particular attention is focused on water molecules since water is crucial for sustaining life and for activity of all biological systems. 3, 4 Although isolated H2O molecules seem to be rather simple, bulk water is one of the least understood liquids. It displays extraordinary properties that result from labile and highly-directional hydrogen bonds (H-bonds), relatively small moment of inertia of rotation and large dipole moment. 5, 6, 7, 8, 9 The waterconfinement effects are so peculiar that confined water is sometimes called the "fifth state of water" 10 . Alternatively, confined water is labeled as zeolitic water, one-dimensional water, interfacial water, nanotube water (ice nanotube), biological water, quantum water. For example, water molecules located in one-dimensional carbon natotubes exhibits very special collective excitations 11 and new quantum states, 12 together with the formation of firmly connected onedimensional hydrogen-bonded water "wires" 13 or tube-like structures. 14 In such objects one can observe anomalously soft molecular dynamics 15 or anisotropic and rapid molecular/proton transport. 16, 17, 18, 19, 20 Advanced experimental techniques have been developed to open and close the spherical fullerene molecule, and to encapsulate a water molecule into a highly symmetrical 4 cage of C60 21, 22 and also C70. In addition, aggregation of more than one H2O molecule can be trapped within nano-sized cavities of zeolites, clays, silica gels, globular photonic crystals and other natural and synthesized frameworks (see 23, 24 and references therein) providing a fascinating playground for supramolecular physics and chemistry. Nano-scale water plays a vital role in biology where it controls the structure, stability, functionality and reactivity of biomolecules. Water molecules at the interfaces (hydration layers) of biological complexes, in channels of membranes, in solutions, participate in the hydrophobic/hydrophilic interactions, replication and transcription processes. 25, 26, 27, 28, 29, 30, 31, 32, 33 The properties revealed by water at the nano-scale are extremely intricate, especially in complex biological systems. In order to get more insight into the fundamental mechanisms, studies on very basic objects are necessary. Here we have chosen a simple model system: crystals of the beryl group with chemical composition given by the formula Be3Al2Si6O18. Beryl crystallizes with a honeycomb structure (space group P6/mcc) (Fig. 1a) consisting of stacked sixmembered rings of SiO4 tetrahedra that leave relatively large open channels oriented along the crystallographic c axis. 34, 35 The channels include constrictions ("bottlenecks") of approximately 0.28 nm diameter separating larger cavities of 0.51 nm in diameter. Crystals that are grown in water environment (natural water-containing silicate melts or hydrothermal solutions) contain water that enters the framework of the crystal lattice in such a way that single H2O molecules reside within the cavities, importantly -in a well-defined symmetrical crystallographic environment. The H2O molecules are held in two orientations relative to the c-axis (Fig. 1b, c ):
water-I molecules have the vector connecting two protons directed parallel to the c-axis (electric dipole moment perpendicular to c), whereas in water-II molecules the H-H vector is perpendicular to the c-axis (dipole moment parallel to c) (see for instance Ref. 36 ). Water-II 5 molecules are found in beryl crystals containing alkali ions (Na, K), which are located at the bottlenecks. It is Coulomb interaction with these ions that turns the water-II molecules 90 degrees relative to the water-I molecules. The water-I molecules are loosely tied to surrounding oxygen atoms by weak H-bonds and are thus more labile in the cavities, they can even be considered as nearly free. 36, 37 Yet the weak coupling to the cavities walls leads to qualitatively new dynamical characteristics of the molecules, as compared to those of free H2O molecules. Indications of peculiar low-energy vibrational states of confined water-I are seen in the infrared spectra of beryl. Here, the well-known intramolecular modes (ν1 = 3656.65 cm -1 , ν2 = 1594.59 cm -1 , ν3 = 3755.79 cm -1 for free H2O 38 ) are observed 37, 39, 40, 41, 42, 43, 44, 45 and accompanied by satellite peaks. These peaks are attributed to a mixture of ν1, ν2 and ν3 with the so-called external, librational (L) and translational (T) vibrations of H2O molecule within the beryl nano-cavities. 37, 44 According to the experimental spectra obtained by Kolesov et al. 37, 44 one expects a very rich set of such T-and L-type excitations with eigenfrequencies ranging from approximately 1000 cm -1 down to only few wavenumbers, i.e. down to excitations energies of order of a meV. In an attempt to directly register such lowest-energy external vibrations, Raman measurements have been performed down to frequencies as low as 100 cm -1 . A series of narrow 6 and broad resonances has been detected. 37 A water-related band was observed around 200 cm -1 that was split at 5 K into several satellites. An attempt was made to assign the satellites to combinations of the ν3 vibration with Stokes-and anti-Stokes components ν3 + nω (n = 1, 2, 3, …) with ω = 6.3 cm -1 44 or ω = 9 cm -1 , 37 or, alternatively, to "particle in the box"-like motions of the H2O molecule within the beryl nano-cavity. 45 However, severe differences between this assignment and the experiment remain. It is worth noting that similar low-energy excitations were observed in infrared and Raman spectra of other systems that contain nano-confined water, e.g. hemimorphite (Zn4Si2O7(OH)2·H2O), 46 natrolite Na16[Al16Si24O80]·16H2O or scolecite
Ca8
[Al16Si24O80]·24H2O. 46 In some cases, low-frequency measurements allowed direct observation of excitations at frequencies down to 50 cm -1 -100 cm -1 and to assign them to translational external vibrations of H2O molecule or to combination of such translations with lattice phonons.
Above described results clearly demonstrate the rich nature of low-energy vibrational states of single water molecule caused by its confinement inside nano-sized cavities of beryl and similar compounds. However, no systematic study of the corresponding low-energy dynamics of H2O molecules has been performed yet due to difficulties connected with a conclusive assignment of the optical absorption spectra and the problem to distinguish water and crystal lattice phonon modes. Additionally, the special instrumental requirements when extending into the very low-frequency region of the spectra aggravated such experiments. In this work we aimed at first detailed and systematic investigation of the vibrational states of a single water molecule encapsulated in the nano-cavity of the beryl crystal lattice. 47 We employed optical spectroscopy techniques in an extremely wide frequency range from ν = 7000 cm -1 down to few wavenumbers (2 cm -1 ) in the temperature range from room temperature down to 5 K. We found 7 that already a weak H-bond linking of H2O molecule to the cavity walls results in a rich set of highly anisotropic soft energy states connected with the movements of the molecule as a whole within the cavity. We present a model that accounts for the observed set of energy levels as coming from translational and librational molecular oscillations enriched by quantum tunneling between the states in a six-well potential relief felt by a molecule within the crystalline cavity.
II. EXPERIMENT
Beryl single crystals were grown in stainless steel autoclaves according to the standard hydrothermal growth method 48 For optical measurements a beryl crystal of about one cubic centimeter size was oriented by X-rays and cut in thin slices with the crystallographic c-axis within their planes. This geometry allows us to measure the optical response in two principal polarizations with the electrical field vector E of the probing radiation oriented parallel and perpendicular to the c-axis. Throughout the text these orientations are referred to as parallel (E||c) and perpendicular (Ec), respectively.
Optical measurements were performed using two kinds of spectrometers: in the infrared range, a standard Fourier transform spectrometer (Bruker IFS-113V) was used to measure the spectra of reflection R(ν) and transmission Tr(ν) coefficients at frequencies from 20 -30 cm -1 up to 7000 cm -1 . The reflectivity spectra were recorded on samples of about 1 mm thickness. For the transmissivity measurements thinner (about 100 micrometers) samples were prepared. The same 8 specimens were measured at lower frequencies (down to few cm -1 ) with the help of a quasioptical spectrometer based on monochromatic and continuously frequency tunable radiation generators -backward-wave oscillators (BWOs). The BWO-spectrometer is described in details in. 50, 51 Employing a Mach-Zehnder interferometric arrangement allows us to determine directly (without performing a Kramers-Kronig transformation) the complex optical conductivity σ*=σ1+iσ2 (or dielectric permittivity ε*=ε'+iε") at frequencies from ν = 1 cm -1 up to ν = 50 cm -1 , in the temperature interval from 5 K to 300 K.
The optical experiments were complemented by measurements of the heat capacity in the relaxation method employing a PPMS system (Quantum Design). The heat capacities of a minute amount of Apiezon N vacuum grease and the sample platform were determined in a preceding run and subtracted from the total heat capacities. In order to extract characteristic parameters of each resonance and to trace their temperature evolution, we have analyzed the measured Tr(ν) and R(ν) spectra using the well-known Fresnel expressions for complex transmission Tr* and reflection R* coefficients of a plane-parallel layer 52 , 53 
III. RESULTS
where exp( )
are the Fresnel coefficients for the interfaces "air-to-sample". The indixes p, q = 1, 2 correspond to the air (refractive index n1 = 1, extinction coefficient k1 = 0) and to the material of the sample (n2, k2), δ = 2πd/λ(n2 + ik2), respectively. d is the thickness of the sample, λ is the wavelength of the radiation. Most of the observed absorption resonances could be described using regular
Lorentzian expressions for the complex dielectric permittivity
where 22 22 () nk    and
( ) 2nk
   are real and imaginary parts of ε*, fj = Δεj νj 2 is the oscillator strength of the j-th resonance, εj is its dielectric contribution, νj represents the resonance frequency and γj the damping. For some resonance absorptions, however, we were not able to describe the shape of the curves in the Tr(ν) and R(ν) spectra with a Lorentzian (3). 2)
where j = 1, 2; fj = j νj 2 is the oscillator strength of the j-th Lorentzian with νj being the eigenfrequency.  and  are the real and the imaginary coupling constants, respectively.
Successful fits by applying expression (4) indicate that the corresponding absorption processes are essentially not independent from each other.
Using least-square fits of the Tr(ν) and R(ν) spectra with the expressions (1) -(4) in combination with the conductivity and permittivity spectra measured directly at the terahertzsubterahertz range allow us to obtain broad-band spectra of real and imaginary parts of the dielectric permittivity and optical conductivity of the beryl crystal. Since the phonon absorption of beryl has been studied earlier (see, for example, 55, 56, 57 ), here we will concentrate on the response caused exclusively by water molecules. To distinguish water-related absorptions from phonon resonances, we have performed comparative optical measurements of the samples before and after dehydration. In order to extract the crystal water from the samples they were heated to 1000 °C in vacuum for 24 hours leading to a weight loss of approximately 1%, corresponding to 0.5 H2O molecules per formula unit of Be3Al2Si6O18.
Characteristic transmission coefficient spectra of the sample before and after dehydration are presented in . Dashed lines indicate frequencies of intramolecular stretching and bending modes (ν1, ν2, ν3) of the free water molecule. Doted (violet) and dashed (black) spectra correspond, respectively, to liquid water (T = 27ºC, data from [58] [59] [60] ) and hexagonal ice (T = 100 K, data from 61 ). Transitions from the lowest-energy state (ground, G band, see below) to the translational band (T) and to the librational band (L) are indicated by dashed and solid lines respectively.
In Fig. 4 we show displacements of hydrogen and oxygen ions of the H2O molecule which are associated with the intramolecular modes ν1, ν2, ν3 and the corresponding changes of the H2O dipole moment. For a fixed polarization of the probing radiation, E||c or Ec, only two internal modes will be optically active for a separate water molecule, for example, ν1 and ν2 of water-II for E||c or ν1 and ν2 of water-I for Ec. Since for both polarizations all three internal modes are clearly seen (see Fig. 3a ) we conclude that both types of water molecules are present in the studied sample.
IV. DISCUSSION. Perpendicular polarization, Ec.
In order to relate the observed absorption resonances to the dynamics of water molecules within the nano-cavities of beryl crystal lattice, we start from two assumptions:
1. There is noticeable coupling of the H2O molecules to the host crystal lattice via hydrogen bonds. Although this coupling might be relatively weak, there is an appreciable effect on the optical response of H2O, at least at temperatures below 200 K, see. 37, 45 Our results indicate that this coupling can be observed even up to room temperatures.
2. Local conditions for the formation of hydrogen bonds between H2O molecules in liquid water or in ice are not essentially different from those forming the H-bonds between the H2O molecule and the "walls" of nano-cavities in beryl.
These assumptions imply the existence of translational (T) and librational (L) vibrations of water molecule in beryl nano-cavity; this is in analogy to the T-and L-bands in liquid water or in ice. 58 -61 We also expect that the corresponding absorption bands in beryl should be located at roughly the same frequencies as those found in liquid water or in ice. Indeed, the similarity becomes evident from ). Two orientations of water molecules relative to the crystallographic axis c are drawn to illustrate the optical activity of internal vibrations of water-I and water-II molecules at different polarizations of the probing electromagnetic radiation: E||c and Ec.
Model.
Since we are considering the vibrations of water molecule at frequencies smaller than the intramolecular modes frequencies ν1, ν2, ν3, the molecule is treated as a rigid object characterized by its position and angular orientation. Correspondingly, its T-modes are related to excitation of positional vibrations and the L-modes -to excitation of rotational motions. 
where ħ is the Planck's constant, M is the molecule effective mass and U is the energy related to the displacements relative to the crystalline environment. We assume that, in the first approximation, U is a quadratic function that corresponds to harmonic oscillations of the molecule near the equilibrium position. Note that, in principle, the effective mass M in Eq. (5) can differ from the mass of a free H2O molecule due to the coupling to the beryl crystalline environment. However, the deviations may be expected to be small due to the large difference of the masses of the H2O molecules and of the surrounding ions of the lattice. We first consider the response of the water-I molecule. Its rotations around the c-axis, viz.
its librational modes related to these rotations, are described by the Hamiltonian: 
The above reasoning deals with the quantum states that are generated by hybridization of the states localized near the minima of the potential UL(φ). These states can be ground states, or can be excited states that are related to translational and/or librational motion of the molecule.
Therefore, any molecular state can be characterized by six quantum numbers corresponding to excitation of three translational modes and three librational modes. One expects that energy shifts related to quantum tunneling are relatively weak. Consequently, the molecular states are split into sets with close energies characterized by different numbers m but identical other quantum numbers. We shall call such sets as bands.
There exists an additional symmetry of the beryl nano-cavity that is invariant under reflections with respect to certain planes passing through the c-axis. This requires UL(φ) = UL(-φ)
if the preferred direction lies in the symmetry plane. Then the states belonging to a band will be 
where D0 is the molecule dipole moment, and Ex, Ey are the components of the radiation electric field in the plane perpendicular to the c-axis. Equation (8) Since the dipole moment of water-II molecule is oriented along the c-axis, for the polarization Ec interband transitions are also possible with the selection rule Δm = ±1.
Assignment of absorption lines.
We apply the above considerations to interpret the water-related absorption lines observed in the spectra of beryl. In the Ec optical conductivity spectrum shown in Fig. 3 we reliably detect six absorption peaks in the T-band and six peaks in the L-band. We cannot exclude the possibility of existence of more resonances that should originate from different types of T and L modes as described above; these additional modes might be masked by strong phonon features.
Since water-I molecules are more loosely coupled (via H-bonds) to the surrounding ions than the water-II molecules (electrostatic interaction with cations), we believe that the rich set of absorption lines seen in the spectra for Ec (Fig. 3) originates from the response of the water-I molecules. Figure 6 depicts a simplified scheme of energy levels of the water-I molecules ground (G) band and translational (T) and librational (L) bands corresponding to one separate type of T and L modes, in accordance with the above model. In the figure the allowed intra-and interband transitions are marked by arrows. We associate these transitions with the resonances in the spectra of Fig. 3 . The eigenfrequencies and other parameters of the transitions from the G-band to the T-band and to the L-band are summarized in Table I . We indicate corresponding energies of the transitions in meV and frequencies in cm -1 (Fig. 6c, d ). Two dashed arrows depicting the G→T transitions in Fig. 6c correspond to Within our model, we ascribe the wide ridge near 25 cm -1 in the conductivity spectrum (see Ec in the infrared range (Fig. 3a) around ν1, ν2 and ν3 intramolecular modes. These resonances are presented in detail in Fig. 7 . We consider the infrared satellites as combinations of ν1, ν2, ν3 modes with lower frequency excitations, whose locations should then correspond to the differences between the peak positions in Fig. 7 . The difference frequencies are also presented in Table II . It can be seen that the values of the difference frequencies mostly fall below ≈200 cm -1 matching well with the peaks positions related to the transitions from the G-band to the T-band.
This agreement suggests that the intramolecular modes of H2O molecule most easily couple to its translational vibrations. 44 At the same time, there are only a few rather intense infrared resonances that produce difference frequencies above 200 cm -1 -300 cm -1 , up to ≈530 cm -1 .
They correspond to excitations to the librational band and suggest some degree of coupling of H2O internal modes to the rotational degrees of freedom as well. For several infrared absorptions there are no counterparts in the far-infrared or THz-subTHz ranges, presumably due to their low intensity (small spectral weight f) and/or large damping.
Parallel polarization, E||c.
In contrast to the Ec polarization, the experimental water-related spectra for the polarization E||c are very simple: at 5 K only two resonances are seen at far-infrared and terahertz frequencies (88 cm -1 and 158 cm -1 , see Fig. 3a) , and just two satellite peaks accompany the H2O intramolecular modes (see Fig. 7 ) with their parameters given in Table III . We assign the peaks at 158 cm -1 and at 88 cm -1 to water-I translations and librations, respectively.
Temperature behavior.
The overall temperature behavior of water-related absorption lines (except the H2O intramolecular modes) in beryl for both polarizations is illustrated in Fig. 8 where the spectra of the optical conductivity are presented for two temperatures, 5 K and 300 K. 
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We first consider the perpendicular polarization, Ec. It is seen that at 300 K all translational resonances are shifted to higher frequencies relative to their positions at 5 K. One expects that with increasing temperature the potential relief felt by the water molecule is partly smoothed due to thermal fluctuations. Therefore, the tunnel exponent characterizing the states within the band increases. That leads to an increase of the energy differences between the levels within the bands and to a shift of the peaks to higher frequencies. We finally discuss the quite complicated lowest-energy dynamics revealed by the waterrelated spectra collected at terahertz frequencies, below 100 cm -1 (see Fig. 9 ). With increasing temperature the broad 25 cm -1 bump moves to higher frequencies and looses intensity. This is 26 confirmed by the data presented in Fig. 10a , b where the temperature dependence of the parameters used to describe the spectral shape of the 25 cm -1 bump by two coupled Lorentzians (Equation (4)) are shown. The monotonous decrease of the combined oscillator strength (open symbols in Fig. 10b ) is clearly seen and can be ascribed to the temperature driven depopulation of the states of the G-band (Fig. 6) . increases. An opposite trend is, however, expected if one assumes that the energy levels population is governed by the corresponding Boltzmann exponents. Quite different is also the behavior of the damping constants of the two components: while cooling, the low-frequency component becomes narrower whereas the high-frequency component broadens, most pronounced below ≈70 K (see Fig. 10c ). In the same temperature range a change from independent (vanishing coupling constant, see Fig. 10e ) to coupled dynamics occurs of the two components. Taking all these observations into account it becomes obvious that the dynamics of the H2O molecule is more complex than schematically presented by the energy levels scheme in Ref. 45 an abrupt decrease of the ν1 intramolecular mode frequency and of the intensity ratios of intramolecular modes ν3 to ν1 were found in roughly the same temperature interval (55 K) and ascribed to the shift of the H2O molecule towards the crystal lattice cavity wall that occurs at low temperatures. This could be one reason for the anomalous behavior we observe. Another possibility could be that by lowering the temperature an interaction between neighboring water molecules comes into play leading to certain ordered arrangement of the H2O molecules in the channels. From Fig. 9 it is seen that during heating up above 220 K, the oscillator strength of the 25 73, 74, 75, 76 showing that the origin of the mode is still under debate. We assume that the resonance we observe in beryl at 56 cm -1 at 290 K could have the same origin as the 60 cm -1 mode in liquid water or in ice. Compared to liquid water or ice, in the spectra of beryl (Figs. 8, 9 ) the mode is very well pronounced. This can be a consequence of the fact that the water molecules in beryl are within a highly symmetric surrounding formed by its crystal lattice ions with which the H2O molecules interact. As for now, we cannot decide about the microscopic origin of this high-temperature excitation, whether it is determined by hydrogen bonds or by some sort of a cage effects due to dipoles induced by the intermolecular fields.
However, our results indicate two important features: a) this mode bares essentially local character in agreement with experiments on aqueous solutions 72, 77, 78, 79 and with simulations; 74, 80 this basically means that it does not involve large complexes of H2O molecules. Moreover, since the beryl cavities contain just a single H2O, our data evidence that the mode is of extreme local -single molecular character; b) it is important to note the extremely anisotropic nature of 30 the mode in beryl: no signs of it are observed in the polarization E||c, i.e. it is excited only when the electric field vector of the probing radiation is perpendicular to the line connecting two protons that would speak in favor of the H-bond bending origin of the mode. Finally, we note that the temperature behavior of the modes for the parallel, E||c polarization is rather featureless. Here, the two infrared absorption lines (88 cm -1 and 158 cm -1 )
do not reveal any unusual behavior, as seen in Fig. 8b . Their damping parameters decrease with cooling down that can be attributed to the phonon assisted broadening (Fig. A5) . The intensity of the lower-frequency mode decreases towards low temperatures; some change is displayed by the strength of the higher-frequency peak. Slight decrease while cooling is shown by eigenfrequencies of both resonances.
V. CONCLUSIONS.
We have presented a comprehensive study of the terahertz-infrared spectra of conductivity σ(ν) and dielectric permittivity ε'(ν) of beryl (morganite, Mn:Be3Al2Si6O18) measured in a broad range, from sub-terahertz frequencies of few wavenumbers up to the infrared, ν = 7000 cm -1 , at temperatures from 5 K to 300 K and for two polarizations relative to the crystallographic axis c:
E||c and Ec. By comparing the spectra of as-grown crystals and of dehydrated (annealed) samples, we extract the σ(ν) and ε'(ν) spectra connected exclusively with dynamics of water molecules, which are captured individually within the nano-cavities of beryl crystal lattice and have their dipole moments aligned perpendicular (water-I) and parallel (water-II) to the c-axis.
We find that the water-related spectra display highly anisotropic resonance structures, especially at far-infrared and terahertz frequencies. Here, only two absorption peaks (at ~90 cm -1 and ~160 cm -1 ) are seen for E||c, while a much richer spectral pattern is recorded for the polarization Ec.
At liquid helium temperatures, for Ec we observe two broad infrared bands around 150 cm 
